Introduction {#Sec1}
============

Pneumococcal infection is a leading cause of mortality resulting from infectious disease worldwide. Mortality is highest in patients who develop sepsis or meningitis \[[@CR1], [@CR2]\]. Carriage is generally higher in low and middle-income countries and among economically deprived populations. Pneumonia affects children and families everywhere, but is most prevalent in South Asia and Sub-Saharan Africa. The carriage might also vary between low and middle-income countries. Higher prevalence reported in sub-Saharan Africa countries including Gambia, Ethiopia and Mozambique \[[@CR2]--[@CR4]\].

The pneumococcal-conjugate vaccine was introduced in Ethiopia starting from November 2011 across the country. The vaccine is given to under 5 children at 6, 10 and 14 weeks of age along with DPT-HepB-Hib. *S. pneumoniae* remains a major cause of childhood illness and death. It kills at least one million children under the age of five every year, \> 70% of these deaths are in low and middle-income countries. Colonization begins very soon after birth. Most studies have found asymptomatic carriage of between 30 and 62% in children under 2 years of age \[[@CR5]--[@CR8]\]. Studies showed that, pneumococcal colonization in infants starts at 6 months of age. The carriage then increases during the first years of life and reaches a peak in children of 2--3 years of age. The carriage decreases as age increases and low in adults, but in the elderly, the carriage eventually increases \[[@CR9]--[@CR11]\].

Young children considered to be the most important carrier for horizontal dissemination of bacterial strains within the community. Children attending kindergartens are at increased risk for infectious diseases. The nasopharyngeal carriage are double among children attending day care centers outside the home as compare to all children 6 years old or younger \[[@CR12], [@CR13]\]. Children attending day-care centers are at higher risk of carriage of *S. pneumoniae* in general and antibiotic-resistant *S. pneumoniae* in particular, than are children who are cared for at home \[[@CR14]\].

Like in other low and middle-income countries, children in Ethiopia are seriously affected by communicable disease among which acute respiratory infection plays the major role \[[@CR15]\]. This study intended to assess nasopharyngeal carriage of *S. pneumoniae*, antimicrobial susceptibility pattern, and possible risk factors among preschool children in kindergarten in Arsi zoni, Ethiopia. It would be useful to fill gap in terms of limited data and to strengthen the current pneumococcal immunization program and give appropriate information for policy makers.

Main text {#Sec2}
=========

Methods and materials {#Sec3}
---------------------

### Study design and participants {#Sec4}

Children between 2 and 6 years of age who attend kindergartens in district of Arsi Zone, Ethiopia were recruited from February 2017 to June 2017. Multi-stage sampling technique was used and simple random sampling method was applied for selection of districts and Kindergarten and systematic random sampling was used for selecting 477 study participants. All apparently healthy children's ≤ 6 years were included.

### Specimen collection, isolation, and identification {#Sec5}

A nasopharyngeal secretion was collected from each child using a sterile synthetic cotton swab on flexible aluminum wire and inoculated onto skim milk, tryptone, glucose, glycerol transport medium within 4 h of collection. The specimens were then seeded onto 5 mg/mL gentamycin supplemented blood agar plates by rolling the swab over a small area of the plate and streaking the sample using a sterile loop. The inoculated media were then incubated at 37 °C for 20--24 h in 2% to 5% CO~2~ rich atmosphere (candle jar method). *S. pneumoniae* identification was based on colony characteristics (α-hemolysis), microscopic morphology by gram's stain, optochin sensitivity, and bile solubility \[[@CR16]--[@CR18]\].

### Antimicrobial susceptibility {#Sec6}

Disk diffusion method (Kirby--Bauer) was carried out using on Muller Hinton agar supplemented with 5% sheep's blood \[[@CR17]--[@CR20]\]. To standardize the inoculum density for susceptibility tests, a 0.5 McFarland standard was used. Within 15 min after adjusting the turbidity of the inoculums suspension, a sterile cotton swab was dipped into the adjusted suspension. The dried surface plates were inoculated by streaking the swab over the entire sterile agar surface. The antimicrobial disks were placed on the lawn of bacterial isolates using sterile forceps. Inoculated media were incubated in a 5% CO~2~ atmosphere for 18--24 h at 37 °C. The results were interpreted by comparing the results to the standard zone sizes of the Clinical and Laboratory Standard Institute. *S. pneumoniae* ATCC 49619 was used as the quality control strain for each run as recommended by the Clinical and Laboratory Standard Institute \[[@CR17]--[@CR20]\].

### Data analysis {#Sec7}

Epi info version 7 used to enter data and then, exported to SPSS version 21 for analyses. A descriptive analysis was used to determine the demographic characteristics and the prevalence of each isolate. A bivariate and multivariate logistic regression analysis was done to evaluate the association between the characteristics of the children and the carriage of *S. pneumonia* and also to control for all possible confounding factors. All the variables significantly associated during crude analysis with the p-value ≤ 0.25 were candidate for adjusted analysis. All tests with p value \< 0.05 were considered statistically significant.

Results {#Sec8}
-------

### Demographic characteristics and risk factor analysis {#Sec9}

A total of 477 children were enrolled in the study, of whom 244 (51.2%) were boys (mean age = 5.1 and SD = 0.74 years). Three hundred and seventy-one (77.8%) lived in ventilated environments, and 45 (9.4%) households had \> 5 family members. The majority of the children 261 (54.7%) were living within a 3--4 room (house with 3--4 room), and only 79 (16.6%) of the children share room with \< 2 years children in the household. Children without exclusive breast feeding 76 (16.4%) and horse cart transportation 36 (7.9%) increases carriage (Table [1](#Tab1){ref-type="table"}).Table 1Sociodemographic characteristics and risk factor analysis for *S. pneumoniae* carriage in 477 study participants recruited from Kindergarten at selected woreda in Arsi Zone, February, 2017 to June, 2017Variables*n* (%)*S. pneumoniae* (*n* = 88)OR with 95% CINoYesCrude OR (95% CI)AOR (95% CI)pn (%)n (%)Sex Male244 (51.2)199 (81.6)45 (18.4)1.00 (0.63--1.59)0.91 (0.54--1.55)0.738 Female233 (48.8)190 (77.3)53 (22.7)11Age (year) ≤ 37 (1.4)5 (71.4)2 (28.6)0.71 (0.13--3.81)0.82 (0.13--5.30)0.839 474 (15.5)64 (87.2)9 (12.2)2.05 (0.93--4.51)2.74 (1.12--6.77)0.029 5233 (48.5)189 (82.4)41 (17.6)1.33 (0.81--2.19)1.29 (0.73--2.27)0.385 6163 (34.2)125 (77.9)36 (22.1)11Exclusive breast feeding Yes399 (83.6)344 (86.2)55 (13.8)11 No78 (16.4)45 (57.7)33 (42.3)4.59 (2.70--7.81)6.00 (3.33--10.80)0.000Living house Ventilated371 (77.8)327 (88.2)44 (11.8)11 Crowded106 (22.2)62 (58.5)44 (41.5)5.27 (3.20--8.68)1.77 (0.89--3.54)0.105Number of person per house hold 2--3240 (50.3)219 (91.3)21 (8.7)11 4--5192 (40.3)149 (77.6)43 (22.4)11.92 (5.70--24.91)8.08 (2.94--22.22)0.000 \> 545 (9.4)21 (47.7)24 (53.3)3.96 (2.01--7.79)3.27 (1.50--7.14)0.003Sharing the same room with the following children None195 (40.9)174 (89.2)21 (10.8)11 \< 2 years79 (16.6)59 (74.7)20 (25.3)1.3 (0.65--2.60)0.60 (0.26--1.37)0.224 2--6 years85 (17.8)54 (63.5)31 (36.5)0.46 (0.22--0.96)0.43 (0.19--0.95)0.036 \> 6 years118 (24.7)102 (86.4)16 (13.6)0.29 (0.14--0.54)0.43 (0.20--0.95)0.038Number of rooms per house hold 1--2168 (35.2)134 (79.8)34 (20.2)11 3--4261 (54.7)214 (82.0)47 (18.0)0.67 (0.28--1.63)0.58 (0.21--1.62)0.297 \> 548 (10.0)41 (85.4)7 (14.6)0.78 (0.33--1.84)0.78 (0.31--2.00)0.609Transportation to KG Foot415 (87.0)349 (84.1)66 (15.9)11 Horse cart36 (7.5)25 (69.4)11 (30.6)3.88 (1.71--8.82)2.75 (1.05--7.22)0.040 Vehicle25 (5.5)14 (66.0)11 (44.0)0.34 (0.58--4.78)1.39 (0.42--4.59)0.591Recent antibiotic use (at least one antibiotics) None394 (82.6)323 (82.0)71 (18.0)11 Within 2--4 weeks18 (3.8)17 (94.4)1 (5.6)3.74 (0.49--28.54)7.79 (0.82--74.38)0.075 Within 1--6 months43 (9.0)33 (76.7)10 (23.3)0.73 (0.34--1.54)0.90 (0.40--2.87)0.817 Within 6--12 months22 (4.6)16 (72.7)6 (27.3)0.92 (0.40--2.87)0.887Number of siblings ≤ 6 years in household 0311 (65.2)275 (88.4)36 (11.6)11 1--2140 (29.4)106 (75.7)34 (24.3)17.19 (6.97--42.38)16.06 (6.21--41.55)0.000 ≥ 326 (5.5)8 (30.8)18 (69.2)7.02 (2.80--17.57)6.58 (2.52--17.16)0.000URTIs in the last 3 months one or more episode None398 (83.4)337 (84.7)61 (15.3)11 Tonsillopharyngitis51 (10.7)32 (62.7)19 (37.3)1.38 (0.29--6.66)1.36 (0.26--7.21)0.717 Sinusitis18 (3.8)12 (76.7)6 (33.3)0.42 (0.08--2.19)0.47 (0.08--2.61)0.385 Otitis media10 (2.1)8 (80.0)2 (20.0)0.50 (0.08--2.19)0.82 (0.11--6.09)0.846LRTIs in the last 3 months one or more episode None452 (94.7)369 (81.6)83 (18.4)11 Bronchitis11 (2.3)9 (81.9)2 (18.1)1.21 (0.33--4.44)1.50 (0.32--7.04)0.609 Pneumonia14 (2.9)11 (78.6)3 (21.4)1.23 (0.17--9.02)3.43 (0.30--39.57)0.323Previous hospitalization Yes43 (9.0)17 (39.5)26 (60.5)0.11 (0.06--0.21)0.10 (0.05--0.21)0.000 No434 (90.9)372 (85.7)62 (14.3)11Passive exposure to cigarette smoking Yes28 (5.9)16 (57.1)12 (42.9)0.27 (0.12--0.60)0.26 (0.10--0.67)0.005 No449 (94.2)373 (83.1)76 (16.9)11*LRTIs* lower respiratory tract infection, *OR* odd ratio, *CI* confidence interval, *URTIs* upper respiratory tract infection, *AOR* adjusted odd ratio, *KG* kindergarten

Of the 477 children, 88 (18.4%) were carriers of *S. pneumoniae*. The highest *S. pneumoniae* carriage was observed in children aged of ≤ 3 years (28.6%). Higher carriage in male 45 (18.4%) than female 53 (22.7%). In children without exclusive breast feeding carriage was 33 (42.3) and 43 (22.4%) and 24 (53.3%) children with *S. pneumoniae* were lived in 4--5 and \> 5 number of person per house hold. Children living with 1--2 and ≥ 3 number of siblings ≤ 6 years in household were 34 (24.3%) and 18 (69.2%) carriage, respectively (Table [1](#Tab1){ref-type="table"}).

The highest *S. pneumoniae* carriage (26.8%) was observed in children aged ≤ 3 years old. Though, being within any age groups was no significance associated with *S. pneumoniae* carriage. But, *S. pneumoniae* carriage was significant in children without exclusive breast feeding carriage (AOR = 6.00; 95% CI 3.33--10.80; p = 0.0001). In addition*, S. pneumoniae* carriage was significantly higher in children living with person 4--5 and \> 5 per house hold (AOR = 8.08; 95% CI 2.94--22.22; p = 0.0001, and AOR = 3.27; 95% CI 1.50--7.14; p = 0.003, respectively). Moreover, there was a significant association between carriage by *S. pneumoniae* and number of siblings (1--2 and ≥ 3) \< 6 years living with children in household (AOR = 16.06; 95% CI (6.21--41.55; p = 0.0001 and adjusted OR = 6.58; 95% CI 2.52--17.16; p = 0.0001, respectively) and being transported to horse cart to kindergarten (AOR = 2.75; 95% CI 1.05--7.22; p = 0.040) (Table [1](#Tab1){ref-type="table"}).

### Antimicrobial susceptibility patterns of bacterial isolates {#Sec10}

Thirteen isolate *S. pneumonia* were susceptible to all of the antibiotics tested, 44 (50.0%) were resistant to one antimicrobial agent, 11 (12.5%) were resistant to two, and 7 (8.0%) to more than two. Thirteen (15.0%) penicillin-resistant *S. pneumoniae* were isolated. Twenty-one (23.9%) *S. pneumoniae* isolates were resistant to erythromycin, and 2 (2.3%) were resistant and 86 (97.7%) were susceptible to vancomycin. All penicillin resistant *S. pneumoniae* isolates were resistant to two or more antimicrobial agents. No antibiotics were susceptible for all isolate (Table [2](#Tab2){ref-type="table"}).Table 2Antimicrobial susceptibility patterns of *S. pneumoniae*, isolated from 477 study participants recruited from Kindergarten at selected woreda in Arsi Zone, February, 2017 to June, 2017Antimicrobials*S. pneumoniae* (n = 88)SusceptibleIntermediateResistantn (%)n (%)n (%)Amoxicillin68 (77.3)2 (2.3)18 (20.4)Augmentin87 (98.9)0 (00)1 (1.1)Ciprofloxacin78 (88.6)7 (8.0)3 (3.4)Chloramphenicol83 (94.3)1 (1.1)4 (4.5)Erythromycin67 (76.1)0 (00)21 (23.9)Penicillin70 (79.5)4 (4.5)13 (15.0)Vancomycin86 (97.7)0 (00)2 (2.3)

Discussion {#Sec11}
==========

This study describes nasopharyngeal carriage of pneumococcus among preschool children in kindergarten in Arsi zoni, Ethiopia. Studies like this are important for situating burden of disease and for explaining the need for vaccination. According to this study, *S. pneumoniae* carriage was high (18.4%) among children in day care center (DCC). Although nasopharyngeal carriage varies throughout the world, our results are consistent with the findings of a various studies carried out elsewhere \[[@CR21], [@CR22]\]. However, this finding was low as compared to the study reported in Northern Spain in healthy children at DCC (89.5%) \[[@CR8]\], in Gambian infants (51%) \[[@CR13]\] and in Peruvian children (75.3%) \[[@CR23]\]. This might be due to living conditions, season, respiratory illness, methodological differences and genetic traits \[[@CR13], [@CR23]\].

In our study, age appeared to be positively associated with *S. pneumoniae* carriage. This finding is concordant with previous studies \[[@CR4], [@CR17], [@CR24]\]. Children's at 4 years of age were more colonized than children than other age groups 9 (12.2%). The drop in *S. pneumonia* carriage associated with rising age may reflect the gradual acquisition of mucosal immunity and reduction of exposure. Sharing the same room with 2--6 year old also observed to be risk factor in this study (36.5%). Owning to the close interactions between children and kindergartens, it has been proposed that pneumococci are more efficiently transmitted from the nasopharynx of one child to another in DCCs \[[@CR25]\]. In addition, number of siblings 1--2 and ≥ 3 years in household (24.3%) and (69.2%) also identified as risk factor for carriage. Children's having young siblings had been reported as important risk factors for carriage in children \[[@CR26]\]. In this study, earlier antibiotics use, sex, living house, number of rooms per house hold, history of LRTI and URTI were not associated with carriage *S. pneumonia*.

Results of our study revealed quite higher *S. pneumoniae* resistance (20.4%) to amoxicillin; (23.9%) to erythromycin; (15.0%) to penicillin; and (4.5%) to chloramphenicol. However, (20.4%) isolated *S. pneumoniae* were multidrug resistant. Penicillin resistance was consistent with previous studies \[[@CR13], [@CR17], [@CR27]--[@CR29]\] and relatively higher frequencies of penicillin resistance pneumococci among children were also reported \[[@CR20], [@CR29]--[@CR31]\]. A wide geographical variation in the antimicrobial susceptibility of *S. pneumoniae* can be explained by the general consumption of antimicrobial agents. According to our results, *S. pneumonia* susceptibility to augmentin and vancomycin was also high (98.9 and 97.7%, respectively). It was consistent with the report in Venezuela \[[@CR27]\]. Biological factor and high cost of these antibiotics could be responsible for the low of resistance for augmentin and vancomycin. An increased resistance of *S. pneumoniae* isolates for amoxicillin (20.4%) and erythromycin (15.0%) were also observed. Our results are similar to those reported in Vilnius \[[@CR32]\]. Widely usage of this drug in the clinical practice and its cheap cost could be the cases. Therefore, frequent development of antibiotics resistance can be as a result of increased selection pressure for the resistant strains due to uncontrolled local availability of some antimicrobial agents, leading to frequent use and misuse.

In conclusion, nasopharyngeal carriage of *S. pneumoniae* was common among healthy children in day care centers. Our findings indicated important associations between age, living with younger children, living in a house having a single room, and colonization by *S. pneumoniae* with diminished antimicrobial sensitivity. Therefore, a strict policy with respect to antibiotic prescription together with widespread use of pneumococcal conjugate vaccination could potentially reduce the carriage in the community.

Limitations {#Sec12}
===========

This study carried out in summer and spring only; thus, unable to see the effect of seasonal variation in the colonization in the entire seasons and this could be considered as the limitation of this study. In this study, we did not serotype the pneumococcus, which could have been helpful to look at serotype distribution. Further, this study has not looked at children who were unable to attend day care centers in the study area.
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